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(57) Abstract: The present invention relates to 
a gas concentrator, which produces concentrated 
gas by applying a pressure difference to adsorbent 
having selective adsorption property to specific gas 
from mixed gas and by separating the specific gas. 
According to the present invention, there is provided 
the gas concentrator, comprising a filter for filtering 
out impurities from the mixed gas; a plurality 
of adsorption beds containing the adsorbent for 
separating the specific gas from the mixed gas 
supplied via the filter and including a backflow 
prevention means formed on channels through 
which the separated gas is discharged therefrom; 
a small pipe for interconnecting the channels at 
production stages of the adsorption beds with each 
other to perform processes of cleaning and applying 
vacuum pressure to the adsorption beds; a vacuum 
pumping means which is connected to a channel 
for supplying the mixed gas to the adsorption beds 
and generates the pressure difference caused from 
a difference between the a vacuum pressure and a 
pressure of the mixed gas; a valve means comprising 
a channel base of a single body formed with channels respectively connected to the adsorption beds, the channel for supplying the 
mixed gas, and the vacuum pumping means, and solenoid drivers mounted in the channel base for switching the channels formed in 
the channel base in order to alternately apply the vacuum pressure and the pressure of the mixed gas to the adsorption beds; and a 
gas supplying means for controllably supplying the mixed gas supplied from the filter to the gas separated and produced from the 
adsorption beds and then supplying a target space with the gas of which flow rate and concentration is controlled. 
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[DESCRIPTION] 
[Invention Title] 

GAS CONCENTRATOR 

5 [Technical Field] 

The present invention relates to a gas concentrator for separating specific gas by 
applying a pressure difference to adsorbent out of apparatuses for separating specific gas 
from mixed gas, more particularly, to a gas concentrator in which respective valve means 
connected to two adsorption beds for containing adsorbent are integrated and 
10 simultaneously additional backflow prevention means for protecting the adsorbent are 
provided, and which is simplified into a simple configuration by engaging the valve means 
to the adsorption beds in a cap attaching manner. 

[Background Art] 

15 111 general, methods for producing enriched gas by separating specific gas from 

mixed gas are commercially and mainly divided into a method using a gas separation 
membrane and a pressure swing adsorption (PSA) method using a pressure difference 
applied to adsorbent such as zeolite molecular sieve (ZMS) or carbon molecular sieve 
(CMS). The PSA method is a process for producing enriched gas by applying the 

20 pressure difference to the adsorbent having a selective adsorption property to specific gas. 
The PSA method is subdivided into a general PSA method operating under atmospheric 
pressure or higher, a vacuum swing adsorption (VSA) method subjected to a vacuum 
pressure process, and a vacuum pressure swing adsorption (VPSA) method, a combination 
thereof, according to an operational pressure due to the pressure difference. All the above 

25 methods are called the PSA method. 

The PSA method which has been developed since 1950s is often employed to 
commercially produce oxygen, nitrogen, hydrogen, and the like, and is applied to an 
oxygen water purifier or air cleaner lately in addition to air dry and thus also applied to an 
oxygen concentrator in the form of small sized electric home appliances. In the case that 

30 high concentrated oxygen, nitrogen, or the like is industrially produced, adsorption beds 
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containing the adsorbent are mostly set up in the form of a tower and operate in connection 
with a plurality of valves. 

However, when a small oxygen concentrator is applied to medical treatment or 
electric home appliances, the dimensions and economical efficiency thereof should be 
5 generally considered. Therefore, the oxygen concentrator should be designed to have 
simple adsorption beds and valves and to be effectively combined with the other parts, 
contrary to an industrial concentrator. Accordingly, efforts have been made to continue 
simplifying the adsorption beds and peripheral devices used in the vacuum swing 
adsorption method at the maximum by using a minimum number of the valves and devices. 

10 In the general PSA method operating under atmospheric pressure or higher, devices for 
sequentially applying the pressure to the respective beds have been configured by 
providing a plurality of the adsorption beds and a rotary valve as a valve. Although such 
a method has advantages in that deviation in the concentration and flow rate is small and 
relatively stable production is possible, there is a limitation to minimization of the rotary 

15 valve itself as mechanism comprising a motor and a rotary plate on which channels are 
formed. In addition, there is a limitation to economical efficiency. Furthermore, even in 
the case that solenoid valves are employed in the respective adsorption beds, since the 
solenoid valve is generally for a high pressure of one (1) atmosphere or higher, there are 
disadvantages in that the higher degree of process and the precision configuration, which 

20 lead to expensive costs, are required and operational control is complicated. 

Fig. 1 is a schematic view of a gas concentrator having two adsorption beds 1 and 
r for a conventional PSA process, which is generally well known. Here, an operational 
process of the gas concentrator is determined according to combination of pumping means. 
That is, according to a vacuum pumping means 4 or a gas compressing means 8 which 

25 applies a pressure to gas, the processes will be compared. If the gas compressing means 8 
is solely used, since the adsorption process by the adsorbent is determined by the pressure 
of the gas compressing means 8 and a pressure for a desorption process generally becomes 
atmospheric pressure, the general PSA process is achieved. 

In addition, if the vacuum pumping means 4 and the gas compressing means 8 are 

30 simultaneously used, since the desorption pressure becomes a vacuum pressure caused 
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from the vacuum pumping means 4, the VPSA process, which operates between the 
vacuum pressure and a pressure by the gas compressing means 8, is achieved. If a gas 
supplying means 7 which is a kind of the vacuum pumping means is combined with the 
vacuum pumping means 4 without using the gas compressing means 8, since the adsorbent 
5 in the adsorption beds 1 and 1' is not subjected to a compression force, the VSA process, 
which operates under atmospheric pressure or lower, is achieved. 

Further, if all of the gas compressing means 8, the vacuum pumping means 4, and 
the gas supplying means 7 are used, although the VPSA process is achieved, such a case is 
hardly used due to the complicated configuration and economical problems. 

10 Furthermore, since the minimization by developing a variety of processes is 

applied to the adsorption beds 1 and V and a valve means 2 used in the V(P)SA process 
which operates under a vacuum pressure contrary to the PSA method which operates under 
atmospheric pressure or higher as described above, the design of the adsorption beds 1 and 
1 ' and the valve means 2 suitable to the VSA process is required. 

15 That is, as shown in Fig. 1, a plurality (two or more) of the adsorption beds 1 and 

F containing the adsorbent may be used. In addition, the valve means 2 for switching 
channels directly connected to the adsorption beds 1 and V functions to exchange the 
vacuum pressure applied by the vacuum pumping means 4 and the pressure of mixed gas 
flowing in through the filter 3 or the pressure of the gas compressing means 8, which are 

20 applied to the adsorption beds 1 and T, with each other. 

In general, if the two adsorption beds 1 and 1 9 are used, the respective adsorption 
beds 1 and 1 * are provided with separate solenoid valves (not shown) which are controlled. 
If the number of the adsorption beds 1 and 1' is large, a rotary valve (not shown) in which 
the channels are formed on a rotary plate driven by means of a motor to supply mixed gas 

25 to the respective adsorption beds 1 and V may be used. 

As shown in Fig. 1, if the VSA process, in which the two adsorption beds 1 and 1\ 
the vacuum pumping means 4, and the gas supplying means 7 are used, is employed, since 
there is no compression force applied to the valve means 2, a pilot type solenoid valve that 
is generally used cannot be used, but only a direct acting type solenoid valve that is driven 

30 by a direct electric force may be used. 
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In addition, if a single 4-way solenoid valve is used, due to its configuration, it is 
impossible to control the respective adsorption beds. It may be only configured such that 
if the adsorption bed 1 is opened, the other adsorption bed V should be closed. Therefore, 
a flexible process cannot be realized. In addition, since the outside should communicate 
5 with one of the adsorption beds, there is a problem of the protection of the adsorbent if 
additional sealing devices are not used. 

Therefore, generally independent 3-way solenoid valves may be used. In such a 
case, the connection along with the adsorption beds 1 and 1* is complicated and the 
connection between the valves of the valve means 2 is required. Accordingly, there are 
10 problems of increase in dimensions, complicatedness of assembly, and disadvantage in 
economical efficiency. 

Furthermore, a gas separating method which is commercially used has advantages 
and disadvantages. In the method using the gas separation membrane, although an 
apparatus therefor is simple, there are disadvantages related to the environment 
15 temperature, moisture discharge, or the like. In the method using the adsorbent, although 
there is no problem of the moisture discharge, an apparatus therefor is complicated, and it 
is need to pay particular attention to usual safekeeping of the adsorbent since the adsorbent 
is susceptible of impurities and particularly moisture. 

Therefore, in the case that the adsorbent is used, the disadvantage should be 
20 compensated for by simplifying the apparatus therefor at the maximum and the apparatus 
should be configured so as to be less influenced by the moisture. Although it is required 
to filter only up to dust by performing a preprocess well in the case that the gas separation 
membrane is used, adsorption of fine impurities and moisture gradually increases in the 
case that the adsorbent is used since the adsorbent should be recycled and then used during 
25 the process. In this respect, the V(P)SA process in which a recycling process is 
performed by a vacuum pressure may be advantageous as compared with the general PSA 
process, in point of a process. 

However, if the adsorption beds are not completely isolated from the outside even 
in the case that the V(P)SA process is used, moisture among the air can be absorbed when 
30 the operation is stopped. In order to prevent that, moisture absorbent or the like may be 
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used. However, since it is not a method for essentially solving the problem, additional 
devices for completely isolating the adsorption beds 1 and V from the external air are 
needed. A practical PSA article has a disadvantage in that all of the adsorption beds 1 
and 1 ' cannot be sealed if there is no additional valve in the case that a single valve is used 
5 in order to reduce cost. 

Although a plurality of general valves may be used in order to seal the adsorption 
beds from the external air, since such a valve means has the problems of expensive cost, 
complicatedness in control, and increased dimensions, a simpler apparatus has been 
required. 



[Disclosure] 
[Technical Problem] 

The present invention is conceived to solve the aforementioned problems in the 
prior art. An object of the present invention is to provide a gas concentrator which 
15 increases productivity through a simplified assembly of a valve means and adsorption beds 
by simplifying the valve means used in a VSA process and simply combining and 
integrating the valve means with adsorption beds, makes it possible to embody 
simplification for assembling a small sized gas concentrator through modularization of 
devices for the VSA process, and simultaneously, secures the reliability of the devices and 
20 the increase in economical efficiency caused from realization of low cost and minimization 
of the devices by completely isolating and protecting adsorbent, which is in safekeeping 
after using the apparatus, from the air. 

[Technical Solution] 

25 According to an aspect of the present invention for achieving the objects, there is 

provided a gas concentrator, which produces concentrated gas by applying a pressure 
difference to adsorbent having selective adsorption property to specific gas from mixed gas 
and by separating the specific gas. The gas concentrator comprises a filter for filtering 
out impurities from the mixed gas; a plurality of adsorption beds containing the adsorbent 

30 for separating the specific gas from the mixed gas supplied via the filter and including a 
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backflow prevention means formed on channels through which the separated gas is 
discharged therefrom; a small pipe for interconnecting the channels at production stages of 
the adsorption beds with each other to perform processes of cleaning and applying vacuum 
pressure to the adsorption beds; a vacuum pumping means which is connected to a channel 
5 for supplying the mixed gas to the adsorption beds and generates the pressure difference 
caused from a difference between the a vacuum pressure and a pressure of the mixed gas; a 
valve means comprising a channel base of a single body formed with channels respectively 
connected to the adsorption beds, the channel for supplying the mixed gas, and the vacuum 
pumping means, and solenoid drivers mounted in the channel base for switching the 

10 channels formed in the channel base in order to alternately apply the vacuum pressure and 
the pressure of the mixed gas to the adsorption beds; and a gas supplying means for 
controllably supplying the mixed gas supplied from the filter to the gas separated and 
produced from the adsorption beds and then supplying a target space with the gas of which 
flow rate and concentration is controlled. 

15 In addition, according to the present invention, the channel base, which is formed 

in the single body formed with the channels, may be formed with mounting portions for 
mounting the solenoid drivers, bed connecting portions to be connected to the adsorption 
beds, and a channel connecting portion to be connected to the channel for supplying the 
mixed gas. Thus, the channel base may be inserted into and engaged with the adsorption 

20 beds by a cap attaching manner. 

Further, according to the present invention, the solenoid driver may comprise a 
frame for supporting the whole of the driver; a coil housed in the frame for providing a 
motive force by a current supplied; a plunger for opening and closing the channel through 
its reciprocation by the motive force of the coil; a guide pipe for guiding the plunger; and a 

25 pumping means connecting portion extended on the guide pipe. 

Furthermore, according to the present invention, the backflow prevention means 
formed on the respective channels for discharging the gas separated from the adsorption 
beds may be selected out of a check valve or small flow rate reduction pipe with flow 
resistance. Each of the check valves which is selected may comprise an outer guide 

30 formed on the channel; a check plunger which is inserted in the outer guide and a body of 
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which is formed with the channel; a sealing damper attached to the check plunger so as to 
be in close contact with an inlet of the outer guide of a portion where the gas flows in; and 
a supporting spring positioned at an outlet of the outer guide of a portion where the gas is 
discharged to support the check plunger. 
5 Still furthermore, according to the present invention, a sealing means for 

preventing backflow of the discharged gas separated and discharged from the adsorption 
beds and simultaneously blocking off external air may be installed on a suction or 
discharge channel of the vacuum pumping means. 

Still furthermore, according to the present invention, the gas supplying means 
10 may supply the target space with the gas of which the flow rate and concentration is 
controlled by using flow rate control means. One of the flow rate control means is 
installed on the channel for controlling flow rate of the gas discharged through the 
adsorption beds. The other one of the flow rate control means is installed on a channel 
for supplying the mixed gas which has not passed through the adsorption beds. 

15 

[Advantageous Effects] 

As described above, in an apparatus operating under a vacuum pressure according 
to a VSA process, the present invention effectively can increase economical and 
mechanical efficiency and be applied to small sized electric home appliances due to its 
20 reduced dimensions by simplifying and minimizing connecting portions of valve devices 
according to the present invention for switching channels and adsorption beds containing 
adsorbent therein. 

In addition, the present invention increases hardness of the apparatus since valve 
drivers and adsorption bed containers are engaged to a single structure, reduces its 
25 dimensions by integrating the adsorption beds and valves, and has an economical effect 
due to reduction of manufacturing cost by modularizing the devices which need connection 
of only a pumping means and other control means. 

The present invention also has advantages in that it is possible to safekeep the 
adsorbent in the adsorption beds for a long time since the adsorbent is completely sealed 
30 even while the gas concentrator is not used. 
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[Description of Drawings] 

Fig. 1 is a schematic view of a gas concentrator for a PSA process according to a 

prior art; 

5 Fig. 2 is a schematic view of a gas concentrator for a VSA process according to a 

prior art; 

Fig. 3 is a schematic view showing a first embodiment of a gas concentrator for 
the VSA process according to the present invention; 

Fig. 4 is a front view showing a valve means applied to the gas concentrator for 
10 the VSA process according to the present invention; 

Fig. 5 is a front sectional view showing a solenoid driver applied to the gas 
concentrator for the VSA process according to the present invention; 

Fig. 6 is a front sectional view showing the valve means applied to the gas 
concentrator for the VSA process according to the present invention; 
15 Fig. 7 is a perspective view showing the valve means applied to the gas 

concentrator for the VSA process according to the present invention with adsorption beds 
being engaged to the valve means; 

Fig. 8 is a schematic view showing a second embodiment of the gas concentrator 
for the VSA process according to the present invention; and 
20 Fig. 9 is a front sectional view showing a check valve applied to the gas 

concentrator for the VSA process according to the present invention. 

[Best Mode] 

Hereinafter, the present invention will be described in detail with reference to the 
25 accompanying drawings. 

Fig. 3 is a schematic view showing a first embodiment of a gas concentrator for a 
VSA process according to the present invention; Fig. 4 is a front view showing a valve 
means applied to the gas concentrator for the VSA process according to the present 
invention; Fig. 5 is a front sectional view showing a solenoid driver applied to the gas 
30 concentrator for the VSA process according to the present invention; Fig. 6 is a front 
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sectional view showing the valve means applied to the gas concentrator for the VSA 
process according to the present invention; and Fig. 7 is a perspective view showing the 
valve means applied to the gas concentrator for the VSA process according to the present 
invention with adsorption beds being engaged to the valve means. 
5 The present invention is applied to the concrete embodiment as shown in the 

above respective figures. The present invention is not limited to the concrete embodiment, 
but various modifications thereto can be made within the scope without departing from the 
technical spirit of the present invention. 

Upon review of the fundamental operation of the gas concentrator of the present 

10 invention shown in Fig. 3, first, a vacuum pumping means 4 forms a vacuum pressure in an 
adsorption bed 1, and mixed gas flows in the adsorption bed 1 via a valve means 2 after 
passing through a filter 3 by a pressure difference between a pressure of the mixed gas and 
the vacuum pressure. 

The adsorbent in the adsorption bed 1 adsorbs gas of specific component, and then, 

15 gas of the other components which are less or not adsorbed is sucked via a check valve 6 
and a flow rate control means 10 by a gas supplying means 7 and sprayed to a target space. 
In general, while the adsorption bed 1 is in a producing stage, the other adsorption bed 1 9 is 
subjected to a recycling process. In such a recycling process, a part of produced gas 
moves to the adsorption bed 1' through a bed connecting small pipe 5, so that the processes 

20 of cleaning the beds and applying vacuum pressure are performed. The bed connecting 
small pipe 5 is employed as an equilibrium valve in the industrial filed, or configured to 
form a channel for simply connecting between the adsorption beds 1 and 1'. 

The flow rate control means 9 and 10 determine the flow rate and concentration of 
the supplied gas. The mixed gas passing through the filter 3 may be properly mixed with 

25 produced gas passing through the flow rate control means 9 according to need as in an 
oxygen concentrator applied to a device such as an air cleaner. While a multi-bed system 
with three or more adsorption beds 1 and 1* is used in the industrial filed, a system with 
two adsorption beds is mainly used for small sized applications. 

In addition, a pair of the check valves 6 and 6' provided on gas discharge channels 

30 of the adsorption beds 1 and V function to desorb the interiors of the adsorption beds 1 and 
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I s by the vacuum pumping means 4. The check valves as many as the number of the 
adsorption beds 1 and 1* are used as devices for preventing a backflow from the gas 
supplying means 7 when the vacuum pressure is formed. 

As shown in Fig. 4, a valve means 2\ which makes it simple to assemble the 
5 adsorption beds 1 and 1 * and makes it possible to realize the simplification in assembly of 
the small sized gas concentrator through modularization of the devices for the VSA 
process, is applied to the gas concentrator of the present invention operating as above. 

The valve means 2' comprises a channel base 14 of a single body formed with 
connecting portions 21 and 2V for the adsorption beds 1 and 1* and a filter connecting 

10 portion 20 which is a mixed gas supply channel, and a pair of solenoid drivers 12 and 13, 
which are mounted in the channel base 14, for switching channels formed in the channel 
base 14 in order to alternately apply the vacuum pressure and the pressure of the mixed gas 
to the adsorption beds 1 and 1 \ 

The solenoid drivers 12 and 13 used in the present invention, which are often used 

15 in machinery operating under the vacuum pressure, comprise a direct acting type that is 
driven by only an electric force. As shown in Fig. 5, each of the solenoid drivers 12 and 
13, which is the same as a general solenoid, comprises a frame 15 for supporting the whole 
of the driver, a coil 16 for providing a motive force as a current flows, a plunger 17 having 
opening and closing function through its reciprocation, and a guide pipe 18 for guiding the 

20 plunger 17. A spring not shown applies a force to the plunger 17 in normal state so that 
the valve means 2' is maintained in an opened or closed state. 

In addition, pump connecting portions 19 formed on the solenoid drivers 12 and 
13 are connected to each other by means of a channel connecting portion 1 1 shown in Fig. 
4 which is connected to the vacuum pumping means 4 of the gas concentrator of the 

25 present invention. The filter connecting portion 20 of the channel base 14 is connected to 
the filter 3 for filtering and supplying the mixed gas. The bed connecting portions 21 and 
21' are connected to one ends of the adsorption beds 1 and 1\ respectively. 

Then, the adsorption beds 1 and V connected to the bed connecting portions 21 
and 2V selectively accommodate the vacuum pressure caused from the vacuum pumping 

30 means 4 and the pressure of the mixed gas applied to the filter connecting portion 20 by 
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means of the opening and closing function of the plunger 17 shown in Fig. 5. 

The plunger 17 performs the opening and closing function by the coil 16 which 
provides the motive force when the current flows as described above. As shown in Fig. 6, 
while the plunger 17 on the left side of the figure comes down and thus connects the bed 
5 connecting portion 21 and the channel connecting portion 1 1 to each other, the plunger 17' 
on the right side comes up and thus connects the bed connecting portion 21' and the filter 
connecting portion 20 to each other. 

The valve means T configured in a single body as described above may be 
engaged with the adsorption beds 1 and V through the bed connecting portions 21 and 21'. 
10 However, in order to simplify the configuration, it is preferred that the valve means T be 
formed integrally along with components of the adsorption beds 1 and 1 ' and assembled by 
directly inserting the solenoid drivers 12 and 13 therein. 

That is, the adsorption beds 1 and 1' of the present invention, each of which 
generally comprises a cylindrical container, are configured such that the interiors thereof 
15 are filled with the adsorbent and both external sides thereof are closed by a cap forming the 
connecting portions. Thus, the channel base 14, which is formed with mounting portions 
for mounting the solenoid drivers 12 and 13 and the filter connecting portion 20 which is 
the mixed gas supply channel, may be integrated in the form of the adsorption bed cap that 
connects both the sides thereof. 
20 That is, as shown in Fig. 7, since the bed connecting portions 21 and 21' are 

extended so as to be inserted into the adsorption beds 1 and 1% the adsorption beds 1 and 
T are engaged with the channel base 14 of the valve means 2' by a cap attaching manner. 
Further, since the channel base 14 is formed with the mounting portions on which the 
solenoid drivers 12 and 13 can be mounted, the channel base 14 is directly mounted with 
25 the solenoid drivers 12 and 13. In addition, since the filter connecting portion 20 for 
supplying the mixed gas is also formed on a side of the channel base 14 for the cap 
attaching manner, the channel base 14 is directly connected to the filter 3. 

In Fig. 6 showing the operational relationship of the valve means 2' of the present 
invention, rubber seals used at contact portions which open and close the channels and the 
30 spring are omitted. The solenoid valves operating under the vacuum pressure contrary to 
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ones operating under a high pressure can be manufactured with low cost since the opened 
and closed portions may be sufficiently formed of rubber and thus a precision processing is 
not needed. Therefore, the assembly and economical efficiency is more improved as 
compared with the case that the multi-bed system and rotary valves are used. 
5 In addition, it is apparent to those skilled in the art that as the method for 

mounting the solenoid drivers 12 and 13 of the present invention to the mounting portions 
of the channel base 14, in addition to the present embodiment, it is possible to engage the 
solenoid drivers 12 and 13 to a variety of portions of the channel base 14 in a variety of 
directions. Furthermore, although the two pump connecting portions 19 are used in the 

10 embodiment, the pump connecting portions 19 may be united by using a hose or a separate 
injection molded article such as the channel connecting portion 11. \ 

In the meantime, while the gas concentrator according to the present invention 
does not operate and is in standby status, the adsorbent in the adsorption beds 1 and V 
should be completely isolated from the external air in order to prevent the performance 

15 from deteriorating. However, in the prior art shown in Figs. 1 and 2, the adsorbent 
communicates with the outside via the check valves 6 and 6' and the gas supplying means 
7, with a suction filter side via the valve means 2, or with the outside through the vacuum 
pumping means 4 via the valve means 2. 

The producing stage side of the adsorption beds 1 and 1* is isolated from the 

20 outside in the case that the check valves 6 and 6' of a complete sealing type are used, and 
is isolated from the outside by the gas supplying means 7 in a case where the check valves 
6 and 6' made of general rubber membrane with a leak are used. In general, a vacuum 
pump or a blower is used as the gas supplying means 7, wherein a simple check valve is 
provided therein. 

25 However, since the adsorbent in the adsorption beds 1 and V may be influenced 

in the case that the simple check valve is also not the complete sealing type, an additional 
complete sealing type check valve should be used. 

Further, the single 4-way valve or two of the 3-way valves are used as the valve 
means 2 in the case of the conventional gas concentrator. While the adsorption beds 1 

30 and 1 ' are connected to the filter 3 and the vacuum pumping means 4 in the case of the 4- 
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way valve, respectively, the adsorption beds 1 and 1' are selectively connected to the filter 
3 and the vacuum pumping means 4 in the case of the 3-way valves. 

Therefore, when the filter 3 for filtering and supplying the mixed gas and the 
adsorption beds 1 and 1' are connected and communicate with each other, moisture 
5 absorbent or the like should be included in the filter 3 in order to protect the adsorbent in 
the adsorption beds 1 and 1\ However, the moisture absorbent has a limitation to its 
function. In addition, although the vacuum pumping means 4 also has a sealing effect 
since a check valve is provided therein as in the gas supplying means 7, an alternative 
method should be demanded if the leak occurs since the degree of the sealing effect differs 
10 according to the article. 

Fig. 8 is a schematic view showing a second embodiment of the gas concentrator 
for the VS A process according to the present invention. 

The gas concentrator according to the present invention is provided with sealing 
means 23, 24, and 24' as shown in Figs. 3 and 8. Even though general solenoid valves 

15 may be used as the sealing means 23, 24, and 24', simple and inexpensive check valves are 
preferred. That is, the sealing means may be employed under the assumption that the leak 
occurs in all of the check valves 6 and 6' on the channels, to which gas is discharged from 
the adsorption beds 1 and 1', and the check valve in the vacuum pumping means 4. In 
such a case, if the check valves 6 and 6' have no problems in sealing or the check valve in 

20 the vacuum pumping means 4 operates normally in accordance with the present apparatus, 
the respective sealing means may be selectively removed. 

That is, in the embodiment of the present invention, the filter 3 for filtering and 
supplying the mixed gas is isolated by the valve means 2'. In general, the check valves 6 
and 6' may be sealably configured when the apparatus is configured. However, in the 

25 case of the vacuum pumping means 4, since the device is configured according to pump 
property, which may cause the leak to occur, the sealing means 24 and 24' may be installed 
on suction and discharge channels of the vacuum pumping means 4, and the sealing means 
23 may also be installed on a discharge channel of the gas discharged from the adsorption 
beds 1 and 1 ' to the flow rate control means 10 via the check valves 6 and 6'. 

30 The operation of the sealing means 23, 24, and 24' will be described as follows. 
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First, one of the sealing means 24 and 24' of the vacuum pumping means 6 and 6' is 
selectively used. In the first embodiment of Fig. 3, while the adsorption bed 1 is in the 
producing stage, if the operation of the other adsorption bed 1' is stopped during the 
recycling stage which is subjected to the vacuum pressure, the operation of the gas 
5 supplying means 7 and the vacuum pumping means 4 is stopped. At this time, the 
adsorption beds 1 and V become in a pressure equilibrium state through the bed 
connecting small pipe 5 in a moment, and then, reach the state that the interiors thereof are 
subjected to the vacuum pressure. 

Here, the respective sealing means 23, 24, and 24' operate under the state that the 
10 pressures of the adsorption beds 1 and 1 ' are maintained under the vacuum pressure, which 
functions to isolate the adsorption beds 1 and 1' from the external air. When a general 
solenoid valve is used, the isolation should be performed the moment the operation is 
stopped. In such a case, since it is disadvantageous in an economical cost, it is preferred 
to use a general check valve which operates under a very small pressure as in the 
15 embodiment of the present invention. That is, the check valve as the sealing means 24 
should be designed so that the check valve causes friction to be minimized when the 
vacuum pumping means 4 forms the vacuum pressure in the adsorption beds 1 and 1' 
during the operation of the apparatus and may be smoothly closed by the vacuum pressure 
applied to the adsorption beds 1 and 1 ' after the operation is stopped. In a case where the 
20 loss of vacuum pressure is produced due to the sealing means 24, the sealing means 24' 
can be further installed close to a discharge end to overcome the loss of vacuum pressure. 
The reason is because the loss of vacuum pressure greatly influences the gas concentrator 
of the present invention. Accordingly, it is preferable to install the sealing means at the 
discharge end whish is relatively less influenced by the pressure loss. 
25 In addition, it is also preferred that the sealing means 23 installed on the line 

where the gas is discharged from the adsorption beds 1 and 1' comprise a check valve, for 
example, including a thin rubber membrane and a spring, which is smoothly closed by the 
vacuum pressure applied to the adsorption beds 1 and 1' in the state that the operation is 
stopped, and causes the friction to be minimized in order not to impose a burden on the gas 
30 supplying means 7 while producing the gas. 
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Therefore, if the operation of the gas concentrator is stopped, since the sealing 
means 23, 24, and 24' automatically operate and are sealed by the vacuum pressure 
remaining in the adsorption beds 1 and 1', the adsorption beds 1 and 1' are isolated from 
the external air, and thus, deterioration of the adsorbent does not occur. In addition, 
during the operation, the vacuum pumping means 4 and the gas supplying means 7 operate 
almost without problems in their performance. 

Even in the case that the general 4-way valve is applied as the valve means 2' of 
the gas concentrator of the present invention, if the adsorption beds 1 and 1' selectively 
communicate with the filter 3, an additional sealing means should be used at a side of the 
filter 3 for the isolation. In such a case, since another cost is added, the above valve type 
is not preferred. 

In the meantime, in the case that the sealing means 23 is used, since the check 
valves 6 and 6' hardly perform the sealing function, it is preferred that the check valves 6 
and 6' be replaced with small pipes 25 and 25'. Fig. 8 to which the above descriptions 
15 are referred shows the embodiment of such a case in which the check valves 6 and 6' 
shown in the first embodiment of Fig. 3 are replaced with the small pipes 25 and 25' 
having certain flow resistance. In such a case, the vacuum pressure in the adsorption beds 
1 and V is determined as maximum one by flow resistance of the small pipes 25 and 25\ 
and the bed connecting small pipe 5 used for applying the vacuum pressure to and cleaning 
the adsorption beds 1 and 1' may be omitted due to the installation of the small pipes 25 
and 25' with which the check valves 6 and 6' are replaced. 

Fig. 9 shows an embodiment of a check valve in which it is possible to obtain 
complete seal by the check valves 6 and 6' of the present invention without separately 
using the sealing means 23. The check valve differs from a conventional check valve in 
that a sealing damper 29 is positioned at an end portion of a check plunger 27, which 
moves within an outer guide 26 of the check valve, and in that sealing is effected by a 
force of a spring 28 in normal state. 

In addition, the gas the stream of which is indicated by arrows in the figure flows 
into the check plunger 27 through a hole formed in the check plunger 27 and flows out via 
the spring. Such a configuration of the check valve improves reliability for sealing and 
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durability of the check valve which should continue to reciprocate. 

As described above, since the present invention makes it possible to form a 
adsorption bed module modularized by combining the valve means 2', the adsorption beds 
1 and 1', the bed connecting small pipe 5, the check valves 6 and 6', and the control means 
9 and 10, in the practical manufacture, it is possible to form the simplified and economical 
apparatus which operates directly by connecting the gas supplying means 7, the vacuum 
pumping means 4, and the filter 3. 

In the meantime, Fig. 2 schematically shows the gas concentrator for the VSA 
process of Korean Utility Model Application No. 2003-25957, which has been previously 
filed by the present applicant. Referring to Fig. 2, such a gas concentrator can compete 
with a relatively simple apparatus using a gas separation membrane thanks to the 
modularization of the adsorption beds 1 and 1' through a simple channel design and the 
combination of the valve means 2 and the adsorption beds 1 and 1' . Upon review of the 
relative comparison with the apparatus using the gas separation membrane, there is a 
15 difference in that the valve means 2 that must be necessarily connected to the adsorption 
beds 1 and 1 \ the bed connecting small pipe 5 that connects both the adsorption beds 1 and 
1', and the check valves 6 and 6' as other valve means correspond to one of the gas 
separation membrane. Thus, the use of the valve means 2 configured simply at the 
maximum, the use of the check valves 6 and 6' integrated with the adsorption beds 1 and 
1% the configuration of the bed connecting small pipe 5 that may be configured simply 
with the simple assembly, and the like are important factors for niinimizing the system and 
reducing cost. 

In the case that the adsorbent is used as in the gas concentrator of Fig. 2, since the 
adsorbent should be recycled and then used during the process, essentially, the adsorption 
25 of fine impurities and moisture gradually increases, and thus, the moisture in the air may 
be absorbed when the operation is stopped. In order to prevent that, moisture absorbent 
or the like may be used. However, since it is not an essential solution thereof, additional 
devices for completely isolating the adsorption beds 1 and 1' of Fig. 2 from the external air 
are required. 

30 Therefore, in the present invention, the sealing means 24 and 24' are installed on 
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the suction and discharge channels of the vacuum pumping means 4, and the sealing means 
23 is also installed on the discharge channel of the gas discharged from the adsorption beds 
1 and V to the flow rate control means 10 via the check valves 6 and 6', so that the 
adsorption of the fine impurities and moisture in the air can be prevented by completely 
5 isolating the adsorption beds 1 and 1' from the external air even when the operation is 
stopped. 
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[CLAIMS 1 
[Claim 1] 

A gas concentrator, which produces concentrated gas by applying a pressure 
difference to adsorbent having selective adsorption property to specific gas from mixed gas 
and by separating the specific gas, comprising: 

a filter for filtering out impurities from the mixed gas; 

a plurality of adsorption beds containing the adsorbent for separating the specific 
gas from the mixed gas supplied via the filter and including a backflow prevention means 
formed on channels through which the separated gas is discharged therefrom; 

a small pipe for interconnecting the channels at production stages of the 
adsorption beds with each other to perform processes of cleaning and applying vacuum 
pressure to the adsorption beds; 

a vacuum pumping means connected to a channel for supplying the mixed gas to 
the adsorption beds, the vacuum pumping means generating the pressure difference caused 
1 5 from a difference between the a vacuum pressure and a pressure of the mixed gas; 

a valve means comprising a channel base of a single body formed with channels 
respectively connected to the adsorption beds, the channel for supplying the mixed gas, 
and the vacuum pumping means, and solenoid drivers mounted in the channel base for 
switching the channels formed in the channel base in order to alternately apply the vacuum 
20 pressure and the pressure of the mixed gas to the adsorption beds; and 

a gas supplying means for controllably supplying the mixed gas supplied from the 
filter to the gas separated and produced from the adsorption beds and then supplying a 
target space with the gas of which flow rate and concentration is controlled. 

25 [Claim 2] 

The gas concentrator as claimed in claim 1, wherein the channel base, which is 
formed in the single body formed with the channels, is formed with mounting portions for 
mounting the solenoid drivers, bed connecting portions to be connected to the adsorption 
beds, and a channel connecting portion to be connected to the channel for supplying the 
30 mixed gas. 
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[Claim 3] 

The gas concentrator as claimed in claim 2, wherein the solenoid driver comprises 
a frame for supporting the whole of the driver; a coil housed in the frame for providing a 
5 motive force by a current supplied; a plunger for opening and closing the channel through 
its reciprocation by the motive force of the coil; a guide pipe for guiding the plunger; and a 
pumping means connecting portion extended on the guide pipe. 

[Claim 4] 

10 The gas concentrator as claimed in any one of claims 1 to 3, wherein the channel 

base is inserted into and engaged with the adsorption beds by a cap attaching manner. 

[Claim 51 

The gas concentrator as claimed in any one of claims 1 to 3, wherein the backflow 
15 prevention means formed on the respective channels for discharging the gas separated from 
the adsorption beds is a check valve or small flow rate reduction pipe with flow resistance. 

[Claim 6] 

The gas concentrator as claimed in claim 5, wherein the check valve comprises an 
outer guide formed on the channel; a check plunger inserted in the outer guide, a body of 
the check plunger being formed with the channel; a sealing damper attached to the check 
plunger so as to be in close contact with an inlet of the outer guide of a portion where the 
gas flows in; and a supporting spring positioned at an outlet of the outer guide of a portion 
where the gas is discharged to support the check plunger. 

[Claim 7] 

The gas concentrator as claimed in claim 1, wherein a sealing means for 
preventing backflow of the discharged gas separated and discharged from the adsorption 
beds and simultaneously blocking off external air is installed on the channel. 
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[Claim 8] 

The gas concentrator as claimed in claim 1, wherein a sealing means for blocking 
off external air is installed on a suction or discharge channel of the vacuum pumping 
means. 

5 

[Claim 9] 

The gas concentrator as claimed in claim 7 or 8, wherein the sealing means is a 
check valve type. 

10 [Claim 10] 

The gas concentrator as claimed in any one of claims 1 to 3, wherein the gas 
supplying means supplies the target space with the gas of which the flow rate and 
concentration is controlled by using a flow rate control means installed on a channel for 
controlling flow rate of the gas discharged through the adsorption beds and a flow rate 
15 control means installed on a channel for supplying the mixed gas which has not passed 
through the adsorption beds. 
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f7M?U, vsa ^-g- #*ls] s.l:Sl-# f-^H 7]^^-^ r ^io] i5 j 

"d-frSll- *l--8- * ^-°H £*M11- *7l ^o_£.i?-B\ 

^•^sMI *KM?i ^it^-i^l #*l£] 4:^5}- ^ ^7f-a^ofl a]-^- 3 *<l 3 

^cflSf 3*1 3 -tfSl^-fr 3J-iLH> n- 5^ 7l*|^3*l* *l|**HrE|| H 

^-H]^ ^7l^)#^A>«|-^ 7]^]^^^H] Sl^^.^71 £^7|*|j3.JM 

l-^-^-^al^fe^Elfif;^] ^Ell-7-]^ ^^^^-7)^1^5] s-^-l^l* 
&2]*>fe ^-g-^^^i, ^l^ifEi £-£]£ 71 sfll- al]#S]-^ -H-5.01] 

^"oM^ol cf^r5] ^afl a o v 7 ) ^.aj-afls. o] -fl -frS-a 

« n^Hr #7l ^^«1|SJ2. 

€-^■71^11- ^-g-SHf- ^7l^S] ov^ ^o] € - 

-H-5-Ullol^cHl ^£]o] A o V 7l £4M1=3. ^l^<y-4 ^^-71^3] <y-^^- iluHi 
7]-5fl^-£-? r -p r i2.uHol^ol] O.3.S. ^^Al7lfe #efl^o]vi 7-^5. 

o]=o]x|fe t4yij-ufj4.Aj.7l ^aVufl^^Ej «-e]sloi aJa].^ 71S1H1 AV7I 
^E]5.JfE-l ^^-71^11- i^. ^^1-^ -fr^ ^ ^£71-2:^^ 71^11- 

^-^sl-Tr ??>^5L ^"3-*Hr 7^1 5L^V^ ^l^^^^l- 

[20] ^ ^^^r #71 -S-5L«11ol^7l- %-*L7} & -g-SflU ^-^ 5] o] 

#7) ^ell.VolF. ^-a)-^. - 01^ AJ-7] ^ju-uflcsl- <^7|5l^ 

lill^oll^ 11 ^^71*1121 <^^Slfe -H-ijL^TjJf 7 f ^Aj 5 ] 

°l^->fl ^-riuilo]-^7l- #71 -1-al ullRo]] ^J«aV «VAi c. j= Aj-oj ^ ^ | 5 | - 
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7l»l*^#*l» *fl^5M| #c]-. 

°] Sefl°nHI MlM'H ?14i-S- 'S-f^^y 7|-§-^-g- ^|-i'sl-4r o] S Q| o) 

y|^-^0)| °]dl- ig-A ^Jj o. ^s. 7 ||^|A| ? ] ^ Al-y] S-iJ.].^ « r 

oK||s| ^:- 7fo^. irj-o] 3x a). 7 ] 7j.oj.ip. 5 j. 0 j s.o\] c^^j- ^ ? .) 2jig^--c.l- o^^-V-l- 
[22| 31 t!-. £- V!- 1 3 "6 V '1 fi- 'HI El £ 7 1 sfl uH 5). z\ i\ oj o. ^ o\\ 

"I <*1 # ^°\\ A 1 <d ^ *M *j -g-5l £-? r SfnJ , o| Ufl A} EM s] fe Aj-71 A)] 3 Hfe 
-Pr^-°ll ^-¥-7fo|p.£|- i # 7 ] -L 7 folP.o ] iflJf^HI Aj-oj^u^ 

2] ^7[o]EL2] <^^-^.6\] ^7| xl]EL #*!*H J^s] U^-g- 

^alSf, Aj-71 7Mfl7f Wfl#£]^ A}- 7 ) <2] «-7Vol^o) <g^.«ol| ^^sfaj 

[23] i£th ^£ ^"71 ^^li^^f&l £-e)sH 7]*)1^ ^^-1- 

^1 <H| ^^-^7|1- ^^Vfe H31^r<a*h ^7] 
Srr HlM^ofl H^^^o) ^*l£]^ 7]^]^^1» Afl^-t!:^. 

[24] A J"7l 71 xfl -o^^^l a) ^o]l * zVafl c € - Jf-^oj 

M-^^ 7]^o] 3^4 *}-.£-§=- -a-i2.o|] a^]^ -^-^S^^cj-Jif, A o V 7 ] 

£*M|£.« ^ih7l^l«- -^-g-^F^ -H-5.0]] A^]^ -B-^^^^^-ofl 

3*H -fr 5 * ^ ^£7]-^^^ 71^)1- ^^Hr ^?>^iS. ^is}^ 

71^1^^'^ia- ^l^-^cf. 

[25] Hl-fif ^ o] f ^. ^-tg ^ VSA ^ 3 °H ^ *>°^ ^ ^ ^ £l ^ 

^■*H Ml-^l 3£?)-sl-fe ^^l^-B-iil- ^}^a|^^^ 

^•^<H1 sit!- u £}±^*]2) <&&f-7\ &&3iW 3. i^sl-si °-3.»l, ^ls] 73741^ 

^ A-fr^ol ^7|-*H, 37171- #<H^<H 4,^ 7f*l7l7H| -g-g-^- ^ £21-7^ 

[26] St!- ^-^-a- ^-f-^-fif -§-7171- ^^-^ofl t4eF 

^]2] ^JI^o] ^-7}*\3_, ^VH)S.St\- »«H.7f «a*fl^ofl tt}-el-Zl 37]7h 

^^^^ ^ 7lEf 7|]<H^C+nV_e- c^TjnV^^ E ] - oj o^SfS- 

0]5j-0j AgAVtil7V ^.7 0 »-£lfe ^7fl^<?l jLi!j-i OjCj-. 

[27] £Et.V, ^ 7\qtt#*\a ^o)l£ «-a|-»ifl£. i^S] 

1-^-^1 7]- ^--f}*! v!»fl^S..riL«l ^7l &£-o] 71-^-tb jBial-n ^cj-. 
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[28] S. I e|) 7] 4f £1 ^ PSA 5g <H| 2) 7| *fl ^ o] yfl 3*j£ ; 

(29] £ 2vr * C« y| £-ofl S] $ VSA «H| o] g. y | aj)^ ~- o| 7 |) 

[30] «E 3-8- £ oJ| a] €■ VSA S- ^ ofl °} 3. 7] *fl ^-^^| S] *1| I AJ a| ofl -g- £ a) $ 

1311 ic 4 r: 4*- # H °1) 4=- VS A £ $ «H| o] -5+ 7 j afl ^ # A) ofl x-j .g_ £ j «... 

MH id C]- A _ t A] 1^ J£ • 

[32] t5u^ V! ^ <H| VSA 3 o)| 2) tl" 7| *1| ^-^^] A] o1| *j -g-s| fe. 

^-EflL-o]^. ^ £A|^j- x^Djn. 
[33] £ 6^8: £ ^ oil ttj-^- VSA ^ 3 o|| S] tb 7l *fl ^^*1 ofl 2] -g-£] 

[34] £ 7^8: <H| a]- €■ VSA ^ ^ <H| 2] *V 7] «]| ^ ofl *j-g-£]^ 

[35] JE 8£ f3°l] 14* VSA ^cHl ^tb 7l*||^^-AlS] ^2^A]o]|l- JEa]^ 

[36] £ 9tt ^ o\] VSA ^ ^ oil ^ tb 7] *0-fc-^*] ofl 3-g-£]fe- 

*H3«fi*L #£*l^b ^^E-^lcf. 
[37] [^A]ofl] 

[38] o] §K *j^fs] £ 2] ^aj^. AV^)^^ ^ 

[39] £3-8-^-^-^01] tH-g-VSA^ofl ^ tb 7l*H*^*13 ^ , ^ A ] ofll- £ a] 

7H ^iol^L, £4r^ ^ oil ^-E-VSA^ol] o] *V 7 ] *H^#*1 ofl *|-g-£]fe- 
•SiM^* £Altb ^E^, £ 5^ W-^oll nt^-VSA^-^ol] <J]?b 
^1 o|M-§-£l^ ^efl to'jc. £ a] ^ ^£0]^ £ 6 6. a. 

VSA ^^oi] ^«-7lafl^^-*H wnjd^cf-§- tAlt!: 

^^J£o|nl, £7^8: ^o|| ttj-= V SA ofl S] ^ 7 1 *!] ^ ^] ofl 

^.g-S)^ ««H.^U1ol *2}-UlliL£l- ^]^^ AJ.E,)=. £A j^ A>A]H0]C|.. 

[40] -g-^^^r^^ltb^^ JE^ofl 5EA]^1 uffif ^-o. ^ ^ oj ^AjoJIS. 

uvrgo^ 7l#AfA o V^. »Jo]l4xl ov- ^ o^oflAi ^^^Tll ^A] 7f^^V ^0^. 

[41] £3oll JEA]^ 7lsj)^^ofl A^ zi 

-^-<d ^l^^^^^-(4)ol *^«l|S.(l)ofl ^l^ 0 J-°r ^^s>^,^-^7l^o] oj-^jjj. 

^ *^-ull = (l)g]5.-PrOj€i4. 
[421 A c v 7l ^-aVHllS.(l) q]2] S-^a^ «.ol 7] «qg. ^-zV^jl, <g ^Sl^u). 
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7l*ti-2-3-^£-(7)*ll #°J5H ^-Afsl^l #c].. 

°J Hi o.i- * 3V u1| i= (1)7)- ^V^IM) o.^ ^-of uf-g. *.^ul|^(i )^ 

X H ^ *F =8 ^ *1 Tfl 5M . o| 21 *J 4 * 4 ufl^c^^ n] xfl *l( 5 )-g- «■ Si -°4 °J 

?! 4 -. <>l € ml- 1 ?-^ 1 "I *fl ?H5)^ -g-ofl Ai fe- 3g ^ U £!. A|..g-V| 7-1 u)-. 

143] ->| -P r ^^^^-cl(9. !())-£- o'tWt -'I *J|fi1 <4 ^ s|-7|| HH, 

[44] Bit!:, 1-*H]I=(1, 7|^uH# -H- t^u]^ ^ #<Sj ^)H«Ji a (6) 6 -)^ 

^l^-tr Vlif nflofl 7l^l^-^c4-( 7 )0.5^-E^ h> ^l*].7l JH€- 

£-SM|H.(l, 1')^ 7fl^"V# Af-§-^7l| 
[45] ^"7) £}- go] ^-aj-sHf- -S- S] 71 *fl^r^*l of^fe, i 4°fl iAl uj-s}- 

A <M *«M|£.<1, V)S\ S^^-fr cf^S}-*>al, VSA * 3 * 3 SLi-Sj-* 

[46] «Jl^^(2 , )^r **M|£.(l f l')3 ^^-¥-(21, 21') ^ £^7| *fl o] 

-8-r;iHlM>i(i4H ^^<H ^1 Mmi = (i, ai^o}.^ ^^-71^] o] oj-sa^. 
mcHis. 7fsH^i^- -8-sufloi>i(i4)ofl ^^.A]7lfe ^ 

#Efl^°]H ^-§-^(12, 13)5. o] =o]^lcf. 
[47] ^ ^<H1 W^tel^lE ^^-¥-(12, 13)^ 4-g-S>Tr 7) 7] o)| 

^efl^Olc:. ^^«- (12 ,13)fe,i5<Hl £A|^ HfS}- ^-Ol, -f-Aj-XjO] ^e^oJp.sI- 

^°J§l-oj,3 ^ife ^*fll- ^1^1 «fl ^fe 5.efl^(15), ^^-7f*ei 7l-§-^# 
^1^*11 s°J(i6), f-*V^ 711 31 *}--§"§- ^ #qi^(i7)ziE]ji 

A o V 7l #2l7l(17)«- ^Ml^Vfe 7>Oj= 4o|S(18)S. ^Aj^cf. £Al£l^l 
^H^^r ^^A] #^1^(17H 7V§><^ HH_B^cf (2 ')^- 7)1 3J1 a o V Efl 5 _ 

-a-^AlT'lTll ^Cf. 

[48] Aj-7l -^Eflinol^ jp.^.«. (|2i |3)ofl *§^!& ^i<^^(19)^r i. 4^Hl 

£Al^] -fr3oiW<ll)<H| S]*H <a^S]«H ^-^2] 7lsfl^-^^-AH- 
n L ^Sf^ Aj-^^^^uj-(4)2|- ^^EM. ^-5ul|o]^(i4)o] 3jEi?!^-(20)ir 
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?J ^ 3 d t- «a-(4)ofl si 11 El <2 7JV-(20)<H| ^ el -£#7l *|| f?l ?! '-1 £ 

£5*11 -t<MVl Sf!^(l7)Sl 7fl3Hl€--^-<Hl 2}t\o] a-hh}*} o. s uj-^ ^jc+. 
150] A <M 21- vr \'i >H(17)7l- tfit 7> 7l-g-5|* *U X *H -t-Tl- a«J(l6)<H| 

21 5H /1| vfJl ?■) -§-£- *\ A\ 5| rr cfl. «£ 6<H| .£ a] # u|-<4 £o] , £H A cMI H s] ^ 
#^7-1(17)^ 5)7 0 ..-6j. Aj. u ,j J2. Ui|^«l7jU. ( 2i)«4 f r £ <*} ^JjL ( , , )7 )- ^ «jj j ^Ufl-& 

4 EMM. n-^f -^ c j7-i(17')fe ^€ E«3. oil P. ^^-(21')^ 

^ e] ^jf ( 20)7i- <a 1€ M-eH) 7fl € nf. 

[51] -tf7|SJ.£ol °J*1]^ ^3 ^J±^<2(2>8-^2M]==(1, l*)^ «H|.*= 

(2i,2r)4 51-5. q-, iicf =^^\7) $\n*\±= 

3^ 3^*1-^ 3M 7V^ HV^-aj«i.c|.. 

[52] -?T,^^*^^^^«fl^(i, r^iif «f^sl -8-71 s 

^ H (CapH ^fe i^ii SHSicf. nl-^1, *«-7l^Sl *-a-fi-3.*l 

W£^-(20)S* #efl^°lEL ^-§-?-(12, 13)7V ^Slfe ^^-7} 
-a-S.uflol^( 14 )fe ^-71 *aq-«ns.(l, «8=3?-§- "tl^Rr **Mj= sa(Cap) 

$ Ei] a <y *n ^siis. - 7 ^ ^ - oi ^ ^ o] cf. 

[53] ^, 2E7°I| £a]£ uffif ^-o], ul| = ^^«.(2l, 21)71- *aj-ufl = (l, 1-)* tf«B« 

t Sl^^t t^-EH Si<H nfe *1^^^(2')£] -fr 3. alH ^(14)7f ^ 

^cf. * H*7|*M- ?i?5>fe ^E]<g^-(20) «H jgj «.aj-a e v^i^ 

-S-iS.ufloli(i4)Sl <5J^<H| ^^£l«H «l-iS-^Ei(3)2l-^7|sl^5}olcf. 
[54] £ 4«H.^c}-(2 , )2] ^^-^7411- £A)*1. ^ 6 o)|a^ ^^^nf ^.-i- 

JL-?- 711^5. t-^-5l-P..^ ^H7l^-o] ^^.x] ^cf 7^«V ^l^o] 71-^-SfCf. 
Ctj-Bl-H El BilF. Al ^ Efl aJ]- ^ ^ Jd 1- A^S].^ 7$ & Cf ^ ^1 ^ ^ ^ 4 
^^i^ol #°V*l7fl Sl^T ^ ^1 ^ - 
[55] SL^, £ *SH1^°1H -T-S-^-(12, I3)7f -frS.tHloli(l4)£l 

'S-^-^i ^iflrr H o' ^^- A o V 7l*V ^^Hl ol^Hl -3-S.a)H^(14)Sl 
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156] ^ °fl si $1 y] M) ^ *1 JH cfl v| AVui) <H| Slfe 

^oj-oflA^ 1) Ml Si #^Ml7V -^- Vlfij. *}-*)*] ^^5loj 0^0) 

^ o- *1 W 'JJ- *1 -v Si fe- Ml . £ 1 ^ 5L 2«H1 A] # cfl S) a) a ] ^ ofl a-] fe 
*fl£llHji(6, 6)Sf 71 A|| -^■& l ^-Vh7)* ^ *l S] «-2}- <S2JEM. •SUi^-fto')* 

[57] *cM *1|HH!i »i(6, 6')* H^]^ '^^-°\\xf: |f-^u||i=(l, l')Sl 

^#^-8: si-?- sf ^J-^slTil sm. 3371- ^ -H-?-^-*.3. ^ '<)€ 

^1H«1«(6,6 , )€- ^l-g-sf^r ^^-o)|^ 71^1^-^^(7)0)1 o]*H <2l«.<q. 
^Va-£)7fl ^Cf. <H«VSj O.S 7|^l^^-c]r(7)-ar 

(Blower)* >M~g-Sr7|| Sl^c-fl, sL-f- tflJjL d\)^ ^-cf^- a|=L»a«. 7 r n^)*)^ 

m. 

*aj-ufl = (l, |')i]|fi| |3,MH| <^-§- n]^ ^ ^^^.5. «g£Sl ^ufl^ 

[59] SE*h ^EflS] 7| ^l^-^^l^ 730- »»J±^r£(2)<L3.*\ Aj-7] *j ^ *». ^-o] 

44| o] cfoj «|Hf TIM- 341] ol JjL 7 fl§ A]~g-t5MI Sl^C-ll, 4 ?flo] 

1&J±3 7J O-ofli- -g-a}-u|ll=(l, r) - ^El(3)Sf ^^^^^^(4)^1 ^^S]7fl 

5M.3SIM t^S] ^-?-<H|fe ^E^(3)Sl- ^l^^^^<a(4)^<H|Ai Ajeje]-^ 
^tf. 

[60]' nfeH, ^71 ^13-7] Afli- ^«Rr ^ 3(3)Sl- MtH|s.(i, v)7} 

<&%S\o] ^^-ofl^ ^-*Mli=(l, I') ^^11- S-JlSri^ €^(3)<Hl 

f-g- 3L3M ^ ^1: <lrM "J; 5-^1 o] 7l^<H]^ 3-71171- Sicf.S^:, 

HBfloj s^7f 5U_o 14 ^if-ofl cc}-el- H3fl£7V Cf££S 1)3.7} Tj-o cHl^ 

[61 ] i 8-8: ^ ctf# VSA *^'o( S] ^ 71 aj^sg.*! o] ^) 2 ^a] ofl^- i^l *v 

7HSf£olcf. 

[62] ^- ofl of 7] £3 5!£8l iA] ^} Hj-s)- ^-o), 

^^1^^(23. 24, 24')* ^ISMl ^cf. o] 2 ^V ^5)1^^.(23, 24, 24')^. 5. A^^ 
$J H J^ < ?! #ell^oiH «jgH.a| ^-^7> A]-g-^ ^ ^5»^lv> ?!^s r ^. ^l«r?J 

«H#S|^r -friS-ofl ^l5L4Sii(6,6')Sl- ^^^^^-(4) Ml^-fij ^ 3B «u 7 [ 




[63] ^, S] *J a) o)| oj| a] ^ £*g- 7 ) M] 1- H E) %J sl-o^ 3 (3) *c$r 

=3-*l-M A l 'SlsiW-VsMI -7^$^- 54 ?!* j fi^S4--'fh4)sl 7 o'-?-<H|v:- ?iH 
3. 0 || n! a. o| xj. x| 7 1- .7 ^ 2?| P. s. ej ri 7 1- VI- ^ # 54 <H "o" ?! ^ -f- HQ(4 ) s| 
-S-°h' 3! "H vliil-oH] .,; ^|-t-ul(24, 24')-g- *! '*|?J- -t- ^*MliL(l, 
-^71 ^£1^-^(6, 6')-S- 7] A] -^-^^^^(10)0.5. uH#S]^ 7)*flS| 
B||#El^H|5-: '^511^-^(23)01 *U]*) ^ o},} 
[64] ^-7| 3j)^-^(23, 24, 24')^ cf^-jif Tj-cf. ^x] *1 ^ ^^(6, 6')^1 

, il3|] i rtH24,24')-8rl-^^ <H "3 ^-g-^cf. £ 32] 7,])i*}a}*\}o\]*] 

^a[a]|S,(l)7f ^Aj-cfTfl^l 54^, ^^M\]S.(l')7} ^ ^fl^^^HI 

cicj-7). ^o] ^^-7)1 E]^ 7] ^^-^^-(7)4 ^!^^#(4)£] 

°J-^^^#^1^-^ ^-¥-7f^l^-<a-o] ^s]ol^ ola^l £cf. 

[65] ^ 7] Ai, a o i- 7 | ej. zv^o^ ^3j)^cf ( 23, 24, 24^ *aMI*=(l, l')S] o] 

^l^-fr -FM*Kr ^cWM *J-§-*H r)!- <2]-^-^-7lfi]- Afcf^^ 

§1-711 £c]-. tJfto)c a j) _u § Aj--§-^ 7J o.^ ^A]^ 

a^a]?]^ 5-1 ^cfl, o] 7| o-^ Tj^xjol cf 7 HM1 * ECKELS., a. aj-^o] 
AJ AjoflSf 7^o] nfl-o ot^j. oV^o)|Ai ^Slfe °Jtil^<y SflH «fl«» ^-g"^ 
5Jo] Hj-^gj-C}-. ^,^>-7] ^3] ^(24).°^°] ^]3*ia.^^lo] 0.3 

2lrli5. *\^^, ^?iol ^oll^ ^-^-Ujl 3^(1, I ) ifl <H] ^5154^ ^l^tHl 

^*>°i 7]-<a^^^| g-^ 91^- ^7il£l<H^> tbcf. ^l^ < y- ^^<^1 H 31^(2 
4)o1| 5]e><^ ^r^|7l- «4^ 0 'sf^ TJ^^I^ £#cfo.i ©l-^^H H3il^'if(24')# 
^^•§1-^ £lTr^|, ^. ^-^ o] ^.^^joll Al^ov ^Ajo| #0) 

[66] £€-,^^-wll = (l, \')S.^ 7]^\7\ aH#El^ H+^^l ^a]S]^ 

^^1^^(23)^ n>?V7l-^5. -gr^ioj ^-g- aV E )]o||a^ *2>-miH.(l, r)6fl ^2]^ 
^l^- 0 « v °11 S]sM 7f«y^^7ll ^-§1^, 71^1-i- ^SV^r #<H|^ 
7l^^^^-^(7)«^l -V-^o] £1^1 g>£^- Zl 2]4i^ sffe, ^11- 1-^ 

i-^ 1 ^^- O-SL 7-^€ ^1H H J1 7-^sl-fe 51 °1 «f^-^sfc|-. 

[67] ttj-ef^i, 7\n^^^\S\ £-?d°l ^^1^1^ 1l5l|^ci(23 ; 24.24-)-8- = 
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5E#, f^l^r ^ l ^^<a-(4)4 7) afl*if^-tH7)^ -S^fr t]s>1 

*l#°l SM] £ ?d^[Cf. 

|68l *£*$s] 7]H&*t#*\9) yiv^W)*.^. 4%)°} HSH ; I 

169] #7) V!^|-r't!(23)f| ^-g-^l^ 3 *]|_-i ht (6 , 6Vl- 7l^-§- *h 

^sijslxl 3^-7}- S|p_^., o| 3 o.o]|^ oHI ^la^^(6,6')# "H#(25, 

;gJ?-°] -a ufEj-^ 5jo 5)£3 o] ^i^a|oJ1o|) iAl^l n]3_»£*(6,6) 
cfl^°1l -fr5.*|*-fr 7}- xl nl ^]^. ( 25, 25')°-%. tfl*l«- ^ojcf. o] >g «-o)|^ 
•&aM|S.(l, 1-) M12] *HI^(25,25")ol 7}-*lfe *#^^o)| °]SH sjcfl 

^SM. *^HflF-(l, r)2] Jf-^ 434. 7l^-# aflJEL^ 
D H^(5)*-*7l *\)3.»£*(6,6')^- «l^^r(25,25')^ ^*H1 ^ zl 

[70] £ 9^r ^ 5fl^cj(23)ol Af-g-s] grjn. £ u}-tg 21 *H3l«(6, 6"H 

o^H ^3j)7f o)=C^ Z} ^ *fla*£j±S] ^AloflS. q.Ej.ufl ^o^, 

^13 #=1^(27)2] ^Bfl-g- ^^(29)7f JL & onJ, ^H^(28) 

%H| S]*H ^S^M <>l-?-o]*!4. 
[71] Et, 51^<HM2] S^Hfe 71*11 2] Jrf~a- u^M]^ ^ O.JS. A] , *|| =i 

1- ql^(27)o!l ^S***!-^ SflH #^7] (2 7) vfl^-S. *<H7l-^H^^- 

<2]-«-^ U^J-Tfl SJfc 74 o]d-. Olsq- ^l^fH.21 ^3}] o] ^^3). 

TJl^^o] %VJi-g-^^- sfloj: *fl£l«JJj±S] ufl^-§- ^VAl^^Tll ^Cf. 

[72] ^71 ^-o] ? uvrg^a. uflu^^'), *aM|ii(i, r), bII^;! 

"Ml^tf), 313^(6, 6') ^3:113^^(9, I0)o] S.l-Sl-€ ^^Hfl^ 

2- M ^^°1 7V^§fol ^xfl 7fl4^ 7lxfl^^-^uf(7), ^I^^^^r^-(4)Z1E]51 
^Ei(3) n J^- ^^sl-^ afS. ^^sffe- nfl -f #£5}-£] i 7| ^] xj o] xj-^^. ^^^j- 

[73] £ 2-b 215- #^°J^1 S)*H nll^oj^ ^^-a]ov 

7fl 2003-25957 Jl 21 VSA ^ofl ^ *V 7l«J^^-*l* £^1*1- 7|^£i^, 

l')Sj -S-t-S]!- ^-CJlXj O.JS. -^^7f 7Vt} tV 7Mll^-e]n>- «V^Jl}-Ol 
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£aj-iH|«=(|, |')» °l^s)-^r ^1^^^ »M1*I(5), Ji 31 4^ l gJ±^r , a < ?! 

*1]H u J]Ji(6,6')7l sl-L|-o} 7|S)lJ?-e|nVol| Lfl-g-^Cf^ $ oj Cf . tt^Ai, ^ cfl r& 

' J Ml#(5)Sl -7-^ WiWt °)^A Slit 

1 74 1 v 1 $ «£ 2 S| v 1 ^1 ^ # *1 5f # °1 # ^ 4] -I- A F -8- *V 3 <H| 1 ? 3 -I* <H| 

-&*MI-i- *I1 W<H *>-8-*M°l= *M «fl^-^l o.s "Hit!- ^ 

^ 3XA €4- <>1* f-§r >M"g-^ ^ 54*l n J: °1 3 ^ 

^-^^0.5.^^^-^-^fe»o V ^°l 6 H7] ^o\\ £25] £aj-Hfl2E.(l, 

[75] al-BH, ^^Mfe ^^^(4)^ ulMsKW ^ 3^^(24, 

24*)# ^^1, **MI=.(1, V)S.^ <$7] *fl3l8j±(6,6 , )t- 7]^ 
^^^#(10)^5. 71^2] H^^r^(23)<=l 

$ hj-x]$}- - ojTfl £1^4. 
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^fl 

7|^]^-^r^HI 5U<H*1, 

A o v ?1 £ ft 7] j?_ -V- 1) «■ £ # * 3 el ^ *I &) *h 

^l £*mihsi «#-v- frii- A o v ^ ti^*H -'f-wa-g- 

^^-7l^ls] «y -<a?J -a}o]6\] ^ oj-a S ].oi» M^lfe ^l^^^W; 
4^1 ^tHl^,-&ft7l*fl°l ^.^.o.^^ ^l^^^^^^l- AA 

^7l $-«hH|HS ^^-71^1^ jEcfl^. 7fsii^£^- 

-H-S€- ^«r^l^l^ #efl^l= ?&*3. o) =<^^^ 

-&^7l^-I- -H-^ « *£7f 71^11- =-3*Rr 

^?Vo.5. ^"g-*Kr 71 ^1^-^nf-g- a^-sf^ ^ O.S. SKr 

[2] ioQ A o V 7l -fi-JS-Uflol^^ -H-S.7V <g#Jg 

^£1<H A o V 7l ^efl>.ol?. ^ ^' ^-^ ^71 

*S.^^7f *g ^ € f^AS 71 *J|^# A ]. 

o] «Bj|ojafl Mi#sH ^ir ^^^> 7]^Sj^ ^-*Hr 

°] 3°JS1 71^-SjoJl o,^ ^0.^^^ 7fl3llAl7l^ 
#71 #ql 7-i-I- °Hfl*l-*r 7H>lE. =ih 4 V 7l 7fol^ sM ad| 

^^^-^ i«-*V^ 74^. f^io^ ^ 

7i*n*^**i. 

[4] 1 Ul^l %=?-^t 3 ^ *1- ^J-ofl aZ°1 A 1, A o' 71 -fi-J?- uflol^^ #71 

^-aHlF.ofl 7»«-2|- o. S #oj 74^- s-^l o.5L Sf^ 

71*11^-^^1. 
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[5] ^ ^ * l Ml *l ^ n" 1 ^ 3 & <H ± *> *<H1 oi A-]. AV 7 i ^.aj-ufl PJ = 

2) -V- 7J-0]..,:. o] q| _h ."a ?) . ^ ,0- ol e] ^ A j c. y j. ^, o) , ^ ^ R 

f-ej^t- *l*l*Rr ^-H^-§- £«-*Hr 4^1 
71^1^^-^]. 

[7] HI 5a<HH, A oM l^UflJE^-Ei U]j#S]^ 7^]^ 

[8] Hi 5tM*1, -S-°J HL^r HlM-frSofl 

[9] 7 8<H| ^7} ^)^-& x||3la E}<?joi 3 o. 

[10] 1 M}*1 3^°}±--& *<M1 &<H<M, ^1 7] xfl^-g^cKg, =L 

##^o\} = M-iL-b 71^3] -B-^-g- s^*f£^- -fi-5.o]l 

€ -B-^^^^, #7} -S^MlJSL-1- f-^M £^-7| *fl# 

71^1-i- S-^i^Vb ^?V-2-5. ^"g-*Hr 5J-§- 4f ^ o.^ ^ 71^1 -^^^x]. 
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-g^MlF-, -&^-7i^o] ^ *m ^islc -fhiL7V fl-y^i ^-U 
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[Fig. 5] 
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[Fig. 8] 
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[Fig. 9] 



